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1 17.01.2003 
An analog-to-digital conversion axrangement, a signal processing system, and a method fi>r 
analog-to-digital conversion 



The invention relates to an analog-to-digital conversion arrangement for 
converting an analog input signal into a digital output signal with a most significant part and 
a least significant part, comprising sample means for sampling the analog ii^ut signal, a 
plurali^-of course analog-to-digital converters for convertmg the sampled analog input signal 
5 into ^ mmac digital signal representing the most significant part of the digital output signal, 
whereby the course analog-to-digital converters are operated in an interleaved way. 

The invention forflier relate to a system for processing signals. 

The invention further relates to a method for convertmg an analog input signal 
into a digital output signal with a most significant part and a least significant part, con^rising 
10 a step sampling the analog ir^ut signal by sampling means, a step of converting the sampled 
analog input signal into a course digital signal representing the most significant part of the 
digital output signal by a plurality of course analog-tordigital converters operated in an 
ij9@^^ 



Such analog-to-digital conversion arrangements are conmionly known, A 
disadvantage of the known analog-to-digital conversion arrangements is that all analog-to- 
digital converters in the arrangement need to have Ihe accuracy needed to obtain the required 
rteoivafi^n of Ihe digital output signal. 



Amongst others it is an object of the invention to simplify the design of the 
analog-to-digital converter arrangement. 

To tins end the invention providn an analog-to-digita] conversdon 
iuijuigumuit defined in the ope^ffig paragraph which i&fihaTactPTi7fid in tiiat ^e analog-to- 
jrvlaiiTi ■ cfinveisjcni arrangement finlher comprises a fine analog-to-digital converter for 
om^ex^g the sampled analog input signal into a fine digital signal representing Ihe least 
sigi^Sbant part of the digital output signal, based upon the course digital signal generated by 
any of said course analog-to-digital converters. 



^ 17.01.2003 
m the analog-to-digital conversion anangement according to the invention the 
accuracy of the course analog-to-digital converters may be lower than the accuracy required 
to obtain the desired resohition of the digital output signal. Only the fine analog-to-digital 

converter needstohaveaMghaccuracy.In this way the specifications of the course analog. 
tOHhgital converters may relaxed, thereby fecihtating a simplification of the design of the 
analog-to-digital conversion anangement 



The above and other objects and featares of the present invention will become 
10 ««*«^ParentftomthefonowingdetaiIeddescriptionconsider«^ , 
accompax^gdrnwings [which disclose an embodiment of thepresentm^^^ 

Fig. 1 showsanembodhnentofananalog-to-digitalconverteraccordmgtothe 

invention. 

. ^^^^t*>f«"^«log-to-digital converter accord 
15 mvention. " " ? - . - 
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For Ae conversion of each sample a Successive Approxhnation Analog to 
Digital Converter needs a number of clock cycles equal to the number of bits that are 
converted. Also some time must be reserved Sm- the T^k and Hold amplifier that precedes 

the Converter. The settling timemtheDAC and the con^tor of the SAR ADC detemnn 
the maximum clock rate of fte conversion process. The maximum sample rate is than 
determined by fte maxhnum clock rate and the number of clock cycles per sample 



^ to increase the sample rate is the use of a number of 

ADC's that are interleaved. These ADC's may share a number of circuit blocks m order to 

save power and cMp area andtoprevent or decrease mismatchproblems. In this new design 
four ADC'sare interleaved in sudi^^thatth^aHadce use of ae«^ 
fi^r the most critical conversion s«i^2^3^yeefe^ 'lapntBoffi*', ite 'HoM 
BufiferHR', and the '12 bit SAR ADCHR'. 

Howdo^itwodc 
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The foUamng easample desdibes 4 interleaving 12 bit converters. The total 
sequence takes 16 clock cycles so the phase difference between succeeding DACs is 4 clock 
<^les. 

In Fhasel the holdc^acitor CI is cooneded to the 'Input Buffer' and the 
5 'Hold Bufferl * So the voltage on CI is tracking the input voltage and this voltage is buffered 
to the '8 bit SAR ADCr . 

In Phase 2 and 3 CI is only connected to 'Hold Buflferl % so in hold condition, 
and the 8 Most Significant Bits are converted by the '8 bit SAR ADCl This converter has a 
certain kind of overcange capsSyOily so the precision, noise and settling accuracy axe not 
10 critical and power cimsunaqption can be low. After tiiis conversion the data are transferred to 
' 12 bit SAR ADCHR' that win do tihe rest of the conversion. 

In I»hase4 the holdc^acitor CI is connected to flie 'Hold BufifesHR'. It is 
preferred to precharge the input d^iacitor of Ibis buffer with the ou^ voltage of 'Hold 
Bufferl' in orderto reduce the effect of charge redistribution of CI and the input capacitor. 
15 The ' 12 bit SAR ADCHR' than converts the remaining 4 Least Significant Bits and at the 
end of Phase4 the 12 bit saniple is transferred to the output Of course precision and noise of 
this converter have to be on a 12 bit level. 

System level considerations: 

An inq>ortant quality of AD Converters is low energy consuniptiQiL To make a 
20 feir con:parison between different converters the con^lete application must be considered. 
This may include the analog input anti-aliasing filter and the digital output dedmation filter 
depending <m the application and the converter pxincq>le. It appeared that in tiie ADC 
described here the buffers that are used in the Track&Hold circuit are dominant in power 
consunq)tion even if the interleaving SAR-ADC is oversampled 2 or 4 times compared to the 
25 analog bandwidth of tiie buffers (sufficient low distortion and noise). Active filter sections in 
fi-ont of the buffer (for anti aliasing) consume as much power and add as much noise and 
<^£tortion as Ibe buffers do. So oversampling is an attractive solution to save power in the 
anti-aliasing filters and it also prevents folding back of distortion which is a typical problem 
for Ny^EHst converters. Practicable valu^ that seem to be feasible for an interleaving 
jjf Si^Bn^^mCMOSl 8 are an anak>g bandwidth of 20 MHiz and 4 times ovenuu^ 
at «. sisxk frequency of 640 MHz. 

In summary tiie invention relates to an analog-to-digital conversion 
anangement using interleaved analog-to-digital converters, preferably successive 
approximation analog-to-digital converters. The anangement according to the invention 
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results in a very eflBcient haidwaie implementation where several dicuits are shared by the 
mlerleaved converters. In this offeet and gain problems between the converters are 
decreased. Also hardware complexity is low. A fiirther advantage is that the arrangement 
according to the mvention has a low power consumption. 

The embodhnents of the present invention described herein are hrtended to be 
in an illustrative and not a limiting sense. Various modifications m^ be made to these 
embodiments by persons skilled in the art without departing fiom the scope of tiie present 
invention as defined in the upended claims. 

For instance tiie mefliod accordmg to the mvention m^ be ^Hed m the 
10 piocessmgofotiier signals flian video or audio signals. 



I 
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CLAIMS: 



1 • An analog-to-digital conveision airangement for converting an analog input 

signal into a digital output signal vnA a most significant part and a least significant par^ 
coniprising 

- sample means for sampling the analog input signal, 
5 - a plurality of course analog-to-digital converters for converting the sampled 

analog input signal into a course digital signal representing the most significant part of the 
digital output signal, whereby the course analog-to-digital converters are operated in an 
interleaved way, characterized in that the analog-to-digital conversion arrangement further 
comprises a fine analog-to-digital converter for converting the sanipled analog input signal 
10 into a fine digital signal representmg the least significant part of the digital output signal, 
based upon the course digital signal generated by any of said course analog-to-digital 
converters. 

2. An analog-to-digital conversion arrangement as claimed in claim 1 , 

IS characterized in that course analog-to-digital converters are successive approximation 
analog-to-digital converters. 

3- An analog-to-digital conversion arrangement as claimed in claim 1 or 2, 

characterized in that the fine analog-to-digital converter is a successive approximation 
20 analog-to-digital converter. 

4. An analog-to-digital conversion arrangement as claimed in claim 1, 2, or 3, 

chaxaderized that either the course analog-to-digital converters or the fine analog-to-digital 
converter are overranging successive approximation analog-to-digital converters. 

25 

5- A system for signal processing comprising an analog-to-digital converter 

arrangement as claimed in claim 1. 
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6. ^^>^«««J^edm claim 4, characterized in that 
for processing video signals. 

7. A system as claimed in claim 4. characterized in that said system is ananged 
5 for processing video signals. 

8. A method for converting an analog input signal into a digital output signal 
withamost significant part andaleast significant parli cwnprismg 

- a step sanq)ling the analog mput signal by sampling means 

- a step of converting the sampled analog mput signal mto a course digital 
signal lepteseirting the most significant part of the digital ou^ signal by a pluraHty of 
course analog-to^gital converters operated in an interleaved way, characterized in that the 
inethod conq«ises a finiher step of convertmg the sampled analog input signal into a fine 
digital signal representing the least significant part of the digital output signal using the 

course digital signal generated iqr any of ihe"courseanalog-to-di^^ " 
analo-to-digital converter. 



41 
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ABSTRACT: 



10 



The invention relates to a method for converting an analog input signal into a 
digital output signal with a most significant part and a least significant part, comprising a step 
sampling the analog input signal by sampling means, a step of converting tiie sanq»led analog 
input signal into a course digital signal lepresenting the most significant part of Hie digital 
ou^t signal by apluraHly of course analog-to-digital converters operated in an interleaved 
way, Ihe method comprising a further step of convertmg the sampled analog input signal into 
a fine digital signal representing the least significant part of the digital output signal using the 
course digital signal generated by any of the course analog-to-digital converters, by a fine 
analog-te^gital converter. 
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